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Fatigue reliability study of deepwater steel catenary riser
based on coupled and nonlinear simulation

WANG Kun—-peng, XUE Hong—xiang, TANG Wen—yong
(State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Taking platform system coupled nonlinear effect in complicated sea state into account, and us-
ing linear hysteretic seabed model and traditional seabed model to simulate riser—soil interaction respec-
tively, nonlinear time domain simulation is carried out for steel catenary riser, and deterministic method is
used to calculate stress parameter through predicting touch—down point’s (TDP’s) response. According to
the state functions based on S—-N curve and Miner’s rule, the TDP’s fatigue reliability is studied through
first order reliability method (FORM), and the result shows that the linear hysteretic model obtains more
cycles in low stress range than traditional linear model, but less cycles in high range, which result in high-
er reliability index. In this paper, platform/mooring/riser is considered as a whole and the seabed suction ef-
fect is included, so the present study is helpful to improve the accuracy of the fatigue reliability design of

SCRs.
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Tab.1 Principals of SCR
(m) (deg) (kg/m) (kg/m) (m) (m) (year)
2 050 14 198.9 247.6 0.54 0.48 2.1 2.4 20
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2 6 o Tab.2 Short—term sea state
2.2 /s m/s
S1 1.25 53 53.4%
DNV/DeepC , 2 175 53 9 18%
S3 2.25 53 10 11.7%
WADAM , S4 2.75 53 11 7.73%
S5 3.75 7.5 12 5.16%
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1
Fig.1 Model of hydrodynamic coupled analysis
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Fig.2 Model of seabed resistance
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Fig.3 Moment time history curve of TDP Fig.4 Axial force time history of TDP
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Fig.5 The curve of TDP’s vertical displacement
, Goodman s
m
s 3,
3 , s )
; Bridge ,
. m
Bridge , S, ,
Bridge , , 3~4

,Bridge



8 971
3
Tab.3 Statistics of random stress response
/Hz STI /MPam
Bridge Bridge
S1 53.4% 0.32 0.37 102.26 48.91
S2 18% 0.35 0.41 150.42 76.92
S3 11.7% 0.38 0.50 159.07 84.24
S4 7.73% 0.45 0.62 252.43 158.04
S5 5.16% 0.56 0.73 2 850.66 1 443.49
S6 4.01% 0.60 0.75 5007.21 3 054.12
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Fig.6 Fatigue damage per year versus sea states Fig.7 The number of stress cycle versus different stress range
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Tab.4 Parameters of S—-N model for reliability assessment
K A=5.27x10" 0.63
,B B=1.00 0.20
A A=1.00 0.30
,m 3.00
(3) 3 5
, Tab.5 Probability of riser failure and
, 5, reliability index
, Bridge
P, 2.91x107 5.17x10°
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